We investigated the absorption of chromium, copper and arsenic released from treated wood used by street food caterers and household residents in an informal urban area and a peri-urban area in Cape Town, South Africa. Participants (n=78) selected included an equal number of caterers and residents in each area. All participants answered an exposure questionnaire and were tested for urinary chromium, copper and arsenic, while the urine of 29 participants was also tested for toxic arsenic. Urinary chromium and arsenic exceeded the environmental exposure limit in 12% and 30% of participants, respectively. Toxic arsenic was detected in 30% of samples of which 24% exceeded the environmental exposure limit of 6.4 µg/g creatinine. Urinary chromium, copper, arsenic and toxic arsenic levels were not significantly different between participants from the two areas or between caterers and household residents, controlling for confounding effects. The study provides evidence of chromium and arsenic exposure amongst both informal caterers and household residents, which requires further investigation.
Introduction
Chromated copper arsenate (CCA) is a wood preservative used worldwide since the 1930s, although its use has been restricted in developed countries. In South Africa, it is still commonly used.
A previous investigation indicated that CCA-treated wood used as fuel for open fires in street catering could be a significant potential public health problem in Cape Town. 1 In the latter study, CCA-treated wood samples were found in wood used for informal catering activities with the occurrence of treated wood being more prevalent in urban townships than in peri-urban areas of Cape Town. The wood was sourced from commercial and industrial sources.
Exposure to arsenic (As), chromium (Cr) and copper (Cu) from CCA-treated wood can occur through inhalation of fumes and dust released on combustion of the wood, through contact with the wood ash, or contaminated water and soil, or through ingestion of contaminated water, food or soil. 2 The toxic species of Cr is Cr(IV), of As include As(III) and As(V) and of Cu is Cu(II). Intake of high doses of the toxic species of As and Cr are acutely toxic and could be fatal. The toxic species of As and Cr are known carcinogens at lower doses and are associated with a number of non-cancerous long-term health effects (Table 1) . Long-term exposure to Cu(II) is associated with respiratory effects.
Table 1:
Chronic health effects associated with arsenic, chromium and copper exposure
Health effects Description Arsenic
Dermal Ingestion of As is associated with severe skin lesions (keratinised skin, and hyper-or hypo-pigmentation), diagnostic of As poisoning. Skin contact with As is associated with skin irritation and dermatitis. Inhalation exposure is associated with mild skin lesions.
Vascular & cardiovascular
Ingestion of As is related to peripheral vascular effects such as black foot disease and gangrene, and a number of cardiovascular effects e.g. high blood pressure and ischaemic heart disease. There are no effects associated with exposure through inhalation and skin contact.
Respiratory
Exposure to As through inhalation is the most important non-cancer effect including irritation of mucous membranes in the nose and throat, laryngitis and bronchitis. Ingestion of high levels of As through acute exposure may lead to severe effects e.g. bronchitis. There are no respiratory effects associated with chronic exposure but decreased spirometries have been noted.
Neurological
Acute oral and inhalation exposure is related to multiple brain disorders (signs include confusion, hallucinations and impaired memory). Longterm exposure is related to peripheral neuropathy (numbness in the hands and feet progressing to a painful 'pins and needles' sensation).
Reproductive
Ingestion of As is associated with adverse pregnancy sequelae and low birth weight. There are no reproductive effects associated with inhalation of and skin contact with As.
Cancer
Exposure through inhalation and ingestion is associated with cancer of a number of sites. As is a known human carcinogen.
Chromium

Respiratory
Inhalation exposure (Cr(VI)>5 µg/m 3 ) has been found to cause upper respiratory tract lesions. There is also some evidence of asthma effects.
Dermal
Inhalation or skin contact can cause skin irritations and dermatitis.
Reproductive
There is some evidence of reduced semen quality from high levels of inhalation exposure amongst industrial workers.
Liver and renal There is limited evidence that occupational exposure causes liver and renal effects.
Gastrointestinal
Ingestion of high levels of Cr(VI) in water causes gastric tract irritation.
There is no evidence of gastrointestinal effects at low levels.
Cancer
Respiratory tract and gastric cancer are associated with exposure through inhalation and ingestion. Urinary measurement of Cr, Cu and As is a reliable method used for the biomonitoring of persons exposed to CCA. 3 In the human body, most inorganic As is converted to methylarsonic acid (MMA) and dimethylarsinic acid (DMA) with a small percentage remaining in its original form. 4, 5 Measurement of total urinary As includes measurement of the toxic inorganic forms as well as low-toxicity organic forms (arsenobetaine, arsenosugars, arsenolipids) sourced generally from seafood. 6 Measurement of urinary As species is a more advanced method for As biomonitoring. Absorbed Cr(IV) is reduced in the body to Cr(III) and primarily excreted in the urine. Urinary Cr is a marker of recent exposure to Cr(IV). Cu occurs in two oxidative states -Cu(I) and Cu(II) -and urinary Cu is a marker of recent exposure to total Cu.
Copper
The aim of this study was to compare the exposure to CCA-treated wood and the urinary levels of Cr, Cu and As amongst informal food caterers and household residents in an urban area and a peri-urban area in the Western Cape Province in South Africa, following on from a previous study. 1 The relationship between the usage of CCA-treated wood and urinary levels of Cr and Cu will be examined in another paper.
Subjects and methods
Study area, design, population and sampling
A cross-sectional study of adult street food caterers and household residents from informal settlement areas was conducted in the Western Cape in 2011. Forty participants each from Langa, an urban area, and Stellenbosch, a peri-urban area, were selected. The urban and periurban areas represented low-and high-exposure groups, respectively, as the results in the previous study 1 indicated that wood used for fuel collected from urban areas contained lower levels of CCA than wood samples collected from peri-urban areas. The informal settlements are composed of poor communities of mostly unemployed people who live in galvanised iron shacks and use outdoor sanitation facilities.
In each area, 20 food caterers and 20 household residents, with an equal number of men and women in each group, participated in the study. Fifty community members in each area, identified by community leaders, attended a meeting in the area prior to the commencement of data collection. At these meetings, the community members of both areas agreed to participate after being informed about the study. On the day of data collection, the first 20 food caterers and 20 household residents in each area who could be contacted were selected to participate.
Exposure to CCA-treated wood was assessed based on a short questionnaire that the participants completed as well as urinary concentrations of As, Cr and Cu.
Questionnaire
A piloted and back-translated questionnaire containing sections on demographics and lifestyle information (name, age, schooling, place of residence, sex, household income, alcohol consumption and smoking), doctor diagnosed chronic health diseases, usage of wood during catering and home cooking (number of hours per day, days per week, quantity and size of container drums and number of years), health problems (As poisoning, skin problems, respiratory problems) and recent fish consumption were administered by trained interviewers to participants in either English or their home language (Xhosa). The questionnaire comprised both closed-and open-ended questions. The interviews (about 20 min in duration) were conducted at the catering sites and residences of participants.
Urinary measurements
An experienced and trained research assistant collected spot urine samples from participants after requesting them to provide samples in plastic containers with plastic caps. The research assistant previously underwent training from a nurse and had experience in specimen collection in a number of previous research projects in similar communities. Participants were given an individual detailed briefing by a trained field worker during which they were informed of the purpose and methodology of the study and of the requirements (such as the washing of hands prior to providing a urine sample) to prevent external contamination of the sample.
Urine specimens were provided between 08:00 and 14:30 in a private room at the catering site or home of the participant. Samples were then stored at sub-ambient temperatures in a cooler box. Care was taken to ensure the samples remained intact and free from contamination by storing them in sealed unit packaging. Urine samples were delivered to the Ampath N1 City Hospital Laboratory in Cape Town within 24 h of collection, from where they were transferred to their main laboratory in Gauteng, which is accredited for analysis of As, Cr and Cu (by the South African National Accreditation System).
Total Cr, Cu and As (As(tot)) were measured in all samples using inductively coupled plasma (ICP). 7 Additionally, all samples with total As≥20 µg/L were analysed for speciated As including arsenobetaine, arsenite, DMA, MMA and arsenate using high-performance liquid chromatography ICP with mass spectrophotometry analysis.
7 As(tox) was calculated as the sum of arsenobetaine, A i (arsenite + arsenate), MMA and DMA. Urinary Cr, Cu, As and As(tox) concentrations were adjusted for urinary creatinine concentrations. A zero value was allocated when there was no metal detected.
Urine samples with creatinine concentrations within and outside the World Health Organization's 8 recommended creatinine concentration range of 0.3-3.0 g/L were distinguished and taken into account in the analysis.
Statistical analysis
Urinary concentrations of Cr, Cu, As(tot) and As(tox) adjusted for urinary creatinine were the primary outcome variables analysed both as continuous variables and as dichotomous variables. The two cut-off values used for the dichotomous variables were the respective detection and environmental exposure limits for the metals (coding: 1 ≥ limit; 0 < limit). Area and caterer/household resident were the primary exposure variables. Descriptive comparisons were conducted across area and caterer/household resident using univariate and bivariate analyses. Non-parametric tests were used when neither the raw nor the log-transformed data were distributed normally. Tests used in bivariate analysis for two continuous variables were the Pearson correlation coefficient (for normally distributed data) or the rank sum correlation (for data not normally distributed) and simple linear regression analysis. A t-test (for normally distributed data) or Wilcoxon rank sum test (for data not normally distributed) was used for one dichotomous and one continuous variable, and the Chi-squared test was used for two dichotomous variables.
Multiple linear regression analysis and logistic regression analysis were performed to determine the relationships between the dependent (outcome) variable (continuous or dichotomous variable generated from urinary metal levels) and the dependent variables that included one exposure variable (area or caterer/household resident) and the potential confounders (age, gender, education, smoking, eating fish, and eating and drinking while cooking).
Data were entered and analysed using the Stata 8 statistical package. 9 A 5% level of significance was used.
Ethics
The study was conducted in accordance with the recommendations outlined in the Declaration of Helsinki 10 and the proposal was approved by the University of Cape Town's Research Ethics Committee (Reference 286/2011). Informed consent was obtained from participants who signed a consent form. In the case of illiterate participants, the consent form was read out to them and they signed by making a cross on the form. Arrangements were made for those participants whose urinary As and/or Cr concentrations were above occupational limits to undergo repeat testing.
Results
Participants
Two participants from households in Langa were excluded because they did not produce urine samples, resulting in a total of 78 participants. There was an equal distribution of participants according to study area, gender and caterer/resident categories ( Table 2) . Almost all caterers (92%) reported that catering was their only job. About one-third of the participants, mainly from Langa, were unemployed while the remainder, especially those in Stellenbosch, reported that they were employed as cleaners, general workers, artisans and farmworkers. More than two-thirds (71%) of the participants had attended school but only 20% had matriculated. The percentages of participants who engaged in smoking and consumed alcohol were similar between the two areas. IsiXhosa was the predominant home language. The Stellenbosch participants were significantly (p<0.05) younger (median age = 33, range: 19-55 years) than the Langa participants (median age = 41, range: 18-61 years).
Chronic and other health problems
The most common chronic health problems reported were tuberculosis and asthma. No one reported bronchitis or As poisoning. More than half of the participants reported nose or throat irritation, nearly onethird reported skin problems, including irritation (70%), pimples (23%), lesions (5%) and ringworm (2%), and nearly two-thirds reported nausea and vomiting. There was a higher number of reports of nose or throat irritation (p=0.001) and nausea and vomiting (p=0.143) in participants from Langa while more participants from Stellenbosch reported skin problems (p=0.06)( Table 2 ). Skin problems were more prevalent in caterers than in household residents.
Wood usage amongst caterers and household residents
All caterers in the two areas indicated that they used various colours of wood and did not specifically identify the green tint of CCA-treated timber. They also reported using all kinds of wood for catering (Table  3) . Almost all caterers (95%) operated with only one braai(grill) stand. About 80% of caterers in Langa operated 7 days per week and 50% in Stellenbosch operated 3 days per week. All residents used wood and to the same extent as caterers. The quantity of wood used by household residents in Stellenbosch was more than that used by residents in Langa. Two (5%) residents reported that they used wood for outdoor cooking and 7 (18%) caterers reported that they also cooked indoors.
Urinary levels of Cr, Cu and As
Descriptive results
Urinary As(tot) was detected in all participants and the median As(tot) was nearly 20 µg/g creatinine (Table 4) . Urinary Cr exceeded the environmental exposure limit in 12% of participants and As(tot) in 30% of participants. Amongst those reporting that they had not consumed fish in the last 3 days (n=45), and whose As(tot) levels were therefore not elevated by such intake, the median As(tot) level was 15.9 µg/g (interquartile range: 10.5-24.8 µg/g) while 25% of them (n=11) exceeded the As(tot) environmental exposure limit. As(tox) was detected in one-third of 29 urine samples analysed for speciated As, predominantly as MMA, while As i was detected in two samples and DMA in one sample. Nearly one-quarter (24%) of participants had As(tox) levels in excess of the environmental exposure limit of 6.4 µg/g creatinine.
11
Bivariate results
Urinary Cr was detected in more participants from Stellenbosch than from Langa, but the number of samples with concentrations of Cu above the environmental exposure limit was higher in Langa. Median urinary levels of Cu were slightly higher in participants from Stellenbosch, but levels of Cu and As were not different between participants in the two areas (Table 4 ). More participants from Stellenbosch than from Langa ate fish in the 3 days preceding sampling, which likely raised the As(tot) level in participants from Stellenbosch. The percentage of samples in which As(tox) was detected, the median As(tox) level and the percentage of samples in which the environmental exposure limit was exceeded were similar in the two areas (Table 4 ).
The number of samples in which urinary Cr was above the environmental exposure limit was higher for household residents than for caterers. The median urinary Cu level was also slightly higher in household residents, but median Cu and As(tot) levels were not different between the two groups (Table 4) . However, a greater percentage of household residents than caterers ate fish in the 3 days preceding sampling. The speciated As sub-analysis showed that the percentage of participants in which As(tox) was detected, the median As(tox) level and the percentage of samples in which the exposure limit was exceeded were similar amongst household residents and caterers (Table 4) .
Multivariate analyses results
Multivariate analysis of the associations between urinary Cr, Cu, As(tot) and As(tox) modelled as the outcome variables and area as the exposure variable controlling for confounding (Table 5) showed that urinary levels, levels exceeding exposure limits and the number of samples with detectable levels were consistently higher in participants from Stellenbosch compared with participants from Langa, but not significantly so (Table 5 ).
Multivariate analysis of the associations between urinary Cr, Cu, As(tot) and As(tox) as outcome variables and caterer/resident as the exposure variable controlling for confounding (Table 5) showed that urinary levels, levels exceeding exposure limits and the number of samples with detectable levels were consistently higher in household residents than caterers, although not significantly so (Table 5) . Cr 4 (14) 3 (10) 5 (17) 2 (7) 7 ( 
Discussion
Health implications of urinary Cr, Cu and As levels
To our knowledge, this is the first study investigating Cu, Cr and As absorption through exposure to CCA-treated wood amongst informal food caterers. The median As(tot) level amongst all participants (20 µg/g creatinine) and the percentage of participants whose levels exceeded the As(tot) environmental exposure limit (30%) are higher than those of non-exposed persons. 11 The elevated As(tot) levels could not be only because of intake of non-toxic forms of As as the median As(tot) level (15.9 µg/g creatinine) and the percentage of those participants whose levels exceeded the As(tot) environmental exposure limit (25%) among those that had not consumed fish in the preceeding 3 days, were also higher than those of non-exposed persons, 11 indicating As i exposure amongst the participants. Additionally, As(tox) was detected in onethird of urine samples analysed for speciated As (n=29), predominantly as MMA, which is not affected by fish consumption. A total of 24% of these 29 participants (n=7) had levels exceeding the environmental exposure limit of 6.4 µg/g creatinine. 12 Median As(tox) levels and the percentage of samples in which As(tox) was detected were, however, substantially lower than those measured in CCA-treatment plant workers, 3 other As-exposed industrial workers, 13, 14 and persons exposed to As-contaminated drinking water 15, 16 . In areas with higher than normal As levels in the water and soil, As i levels in foods such as flour and rice are usually also elevated. 17. In addition to the As(tox) results, a high percentage (12%) of participants also had levels that exceeded the environmental exposure limit for Cr, which could indicate that participants were exposed to CCA. Other possible sources of Cr, including occupational and environmental exposure from industry, amongst these participants are unlikely, but Cr exposure from landfills and from tobacco smoke is possible.
It is difficult to comment on the long-term health effects resulting from exposure to As and Cr at the levels measured in this study, as few epidemiological studies could be found that have investigated health effects at these levels of exposure. 18 The few studies done amongst CCA-exposed workers in a wood-preserving plant reported no adverse health effects amongst workers, but the number of participants was small. 2 As mentioned before, As and Cr are associated with a number of cancer-related and non-cancer-related health effects (Table 4) . Health effects resulting from combined exposure to As and Cr may be additive, but there is no evidence of any interaction between these metals. 2 Interestingly, there was a high prevalence of respiratory, diarrhoeal and skin problems reported amongst participants, which requires more detailed epidemiological investigation; these symptoms might be a result of other environmental exposures in the communities and the self-reports are too crude a measure of these health problems. The self-reports were included in this study merely to provide preliminary evidence of health effects as the aim of the study was to determine the level of exposure of the participants to CCA.
Comparisons between areas and caterers/residents
The higher levels of metals measured in the urine of participants from Stellenbosch is consistent with the higher wood usage reported in the area and also with the higher level of treated wood used in the area, as found in the previous study. 1 However, the differences in urinary levels of the metals were not as substantial as the differences in wood usage. It is unlikely that other exposure to Cr and As not measured in the study, such as exposure to leather products, paints, cement, mortar, anti-corrosives, electroplating, tanning and chromium production, confounded these results. 19 The self-reports of wood usage may not have been accurate, which may have impacted the results.
The consistently higher levels of metals in the urine of household residents was consistent with the higher wood usage reported by these participants. Although the percentage of residents that ate fish in the preceeding 3 days was higher than that of caterers, which probably raised As(tot) levels amongst residents, this effect was accounted for in the analysis.
Limitations
Apart from the limitations already mentioned, additional limitations were the lack of a control group of participants that did not use wood, a low sample size with As(tox) measured in only 37% of participants and the cross-sectional design of the study. An appropriately higher sample size would have produced statistically significant associations in the study and a longitudinal design would have enabled more accurate monitoring of levels of metals in participants when they were using and not using treated wood.
Conclusions
Household residents and food caterers in the informal sector in the Cape Town region were subjected to exposures resulting in the absorption of Cr and inorganic As at levels higher than persons regarded as unexposed, although their levels were substantially lower than those of highly exposed persons. These exposures could be a significant contributing factor to the health problems in these communities, which represent a major public health problem in developing countries. Household residents use as much or more wood than food caterers and wood usage appears to be higher in peri-urban areas. It is unclear if the absorption of Cr and inorganic As is as a result of exposure to CCA-treated wood. Further analysis of the relationship between wood usage and urinary levels of Cr, Cu and As will be conducted and presented in another paper. A larger study with a longitudinal design will more accurately investigate this question. Environmental monitoring of Cr, Cu and As in these areas is important. Interventions such as awareness and educational programmes in these communities are required by industry and government to prevent the use of treated wood in these informal settlements. A study investigating the impact of such interventions on urinary levels of Cr, Cu and As amongst these informal communities would also provide important insight on the extent that these toxic metals are absorbed through exposure to CCAtreated wood.
